Roentgenographic demonstration of arteries by the intra-arterial injection of radio-opaque solution was first applied in man by Sicard and Forestier58 in France, by Berberich and Hirsch5 in Germany, and by Brooks7 in the United States. We owe much of the present clinical usefulness of this method to the pioneer investigations of dos Santos and his associates., 13, 14 With the passage of time, angiography has been utilized in the delineation of venous abnormalities, arterial lesions, defects of the heart and great vessels, and for the demonstration of certain diseases of the abdominal viscera. This report has as its objective two purposes: first, to discuss the applicability and usefulness of this procedure in the diagnosis, localization, and treatment of aneurysms and arteriovenous fistulas of the peripheral arteries; second, to discuss the choice of the best solution for arteriography as revealed by a review of the literature. Our own experience is derived from arteriographic studies performed in selected cases during the course of the study and treatment of approximately 300 aneurysms and fistulas.t Other aspects of the management of such cases have been reported elsewhere.51, 52, 53, 54, 55, 56 Technique With few exceptions the solution used in the present study was 70 per cent diodrast. Before each injection the patient was tested for drug sensitivity by observation of the conjunctival reaction to instillation of a drop of the solution. Five to 10 cc. were injected into the internal carotid artery and from 15 to 25 cc. into the major arteries of the extremities. In the case of arterial lesions of the limbs it is ordinarily possible to perform arterial puncture proximal to the affected level of the vessel without operative exposure. For lesions of the hand the injection can conveniently be made in the radial artery at the wrist, and for lesions of the forearm in the brachial artery in the antecubital space. Injection of the brachial artery proximally in the upper portion of the arm, the axillary
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Before the injection is made a scout film should be exposed and developed in order to make certain that the technique used is satisfactory and in order to have a control film for comparison with the arteriogram. If the injection is made with the artery occluded proximally the second roentgenogram is taken as the last of the solution is delivered into the artery. The compression of the artery is then released and a third film is exposed immediately. A fourth exposure is often made a few seconds later. When the injection is carried out without proximal occlusion the second roentgenogram is taken as the injection is being completed; several other exposures are then made in rapid succession. Roentgenograms taken after the injection is completed are valuable because the opaque medium sometimes remains in an aneurysmal sac for a few moments after it has disappeared from the arterial tree (Fig. 1B) .
One must take every precaution to make certain that the needle tip is free in the lumen of the artery during the injection in order to avoid extravasation of the dye in or outside of the artery wall. Such extravasation might conceivably lead to arterial injury or might make difficult subsequent operative dissection. The injection is made as rapidly as possible. We (Fig. 1) ; hence, the internal carotid artery was occluded by a gently applied umbilical tape ligature. The patient had no signs of cerebral ischemia during the first 8 hours, but sometime during the night developed signs of an incomplete left hemiplegia from which he has fortunately made a fairly good recovery. In speculating upon the cause of the extension of the thrombus past the area of the aneurysm, the process which undoubtedly accounted for the delayed hemiplegia, it is possible to imagine that some intimal damage from the diodrast may have been a contributing factor. To be sure, others have reported delayed hemiplegia following carotid ligation without preliminary arteriogram. Nevertheless, it may be wise to defer ligation after diodrast injection rather than to carry out both procedures at the same time.
Diagnosis
There can be no question that arteriograms ordinarily demonstrate beyond question the presence of an aneurysm (Fig. 2 ) or arteriovenous fistula (Fig. 3 ). Our experience, however, would suggest that this procedure is rarely, if ever, necessary to establish the diagnosis of such lesions, with the single exception of intracranial aneurysms. Intracranial aneurysms are, indeed, generally recognized with ease from the characteristic headache and ophthalmic signs. Since a similar syndrome can result from other causes, however, it is the part of wisdom to establish the diagnosis beyond doubt by arteriography before ligation of the internal carotid artery or by intracranial exploration. The diagnosis of aneurysms or arteriovenous fistulas of the peripheral vessels is ordinarily made without difficulty, the former by the presence of an abnormal pulsation overlying the lesion, a systolic bruit, and often a systolic thrill, and a visible and palpable pulsating mass, the latter by a continuous thrill and bruit and generally by the characteristic bradycardia and elevation of blood pressure during digital compression of the fistula. Only twice in our experience has a diagnosis of peripheral aneurysm been made erroneously, and in neither instance, unfortunately, were arteriograms obtained. One was an unusual instance of costoclavicular compression of the subclavian artery;50 the other was a case of carotid body tumor thought to be a carotid aneurysm because of the presence of a pulsating mass, systolic bruit, and apparent compressibility of the mass. On one occasion we have felt it advisable to obtain arteriograms in order to make certain that no aneurysm was present. This was the case of a patient who had complained for 7 months, of pain in the thenar region of her hand and in the thumb, following trauma repeatedly incurred in this area. Although the impression seemed well sustained that the difficulty constituted a minor causalgia, the full pulsation in the thenar eminence, not palpable in the same area of the contralateral hand, and the frequent episodes of local ecchymosis made it appear worth while to rule out the possibility of an arterial lesion.
To be sure, there was no positive evidence of an aneurysm, no palpable pulsating mass, and no bruit or thrill. Arteriograms revealed a perfectly normal vascular pattern (Fig. 4) .
In contrast to the relative ease with which the diagnosis of peripheral aneurysms is made by simple observations, the diagnosis of aneurysms of the aorta and of the great vessels in the mediastinum is sometimes difficult to establish by ordinary means. Usually no thrill is felt and often no bruit is heard, especially in the case of intrathoracic aneurysms. Generally the mass is inaccessible so that its pulsatile character cannot be confirmed by palpation. Not Robb and Steinberg, 45' 46, 47 and with lesions of the descending thoracic or abdominal aorta the technique of aortography described by dos Santos and others. It is our feeling, however, that the nature of the lesion will generally be evident from ordinary clinical and radiological examination, or will be established beyond question by procedures such as closed needle exploration or operative exposure which may be required, in any case, in order to determine the possibility of satisfactory treatment. Localization Aneurysms and arteriovenous fistulas can generally be localized with accuracy. In a small percentage of cases proper localization of the lesion is not possible by ordinary diagnostic means. When inaccurate localization of an aneurysm or fistula is made before operation the mistake may prove to be of no consequence with regard to operative exposure and correct treatment of the lesion; mistakes may, on the other hand, be a source of intense worry to the surgeon and of danger or needless delay to the patient. An example of the first sort is the case of a soldier who had evidence of an arteriovenous fistula in the axillary region. Because of the anatomical location of the point at which digital compression brought about cessation of the bruit and thrill, and because of the fact that the brachial artery pulsated vigorously during such compression, a diagnosis of arteriovenous fistula of the anterior circumflex humeral vessels was made. In order to be safe, however, it was made certain that the collateral circulation was adequate when the axillary artery was occluded at this site. At operation the fistula between the circumflex humeral vessels was confirmed. The artery and vein communicated, however, through a small saccular aneurysm which arose from the axillary artery. The axillary artery was so extensively damaged in this area that repair was considered impractical and ligation was performed after excision of the aneurysm and fistula. The circulation was adequate and the failure to recognize the axillary involvement beforehand resulted in no harm. As examples of the second sort we should like to quote experiences reported by one of us5' with regard to the use of sympathectomy as an adjuvant in the treatment of aneurysms and fistulas. A number of cases were recorded in which needless worry and delay and an unnecessary sympathectomy resulted from improper localization of arteriovenous fistulas in cases in which tests indicated inadequate collateral circulation. The commonest mistake made was the diagnosis of a profunda femoral aneurysm or fistula for a lesion of the overlying femoral artery which is often necessarily compressed by pressure sufficient to still the underlying aneurysm or fistula. In one patient a fistula between the geniculate artery and femoral vein was thought to involve the popliteal artery and vein; in one, a high posterior tibial fistula was thought to be a popliteal lesion; in another, a posterior tibial fistula was felt to involve the anterior tibial vessels as well; and in still another, a transverse cervical fistula was diagnosed before operation as a subclavian fistula. Unfortunately in these cases arteriograms were not made. It 64 There can be no question that the presence of obliterative arterial disease contributes to the risk of such accidents following the intra-arterial injection of contrast media. '9 Of all the radio-opaque materials which have been employed in arteriography it would appear that diodrast and thorotrast have proved to be the most satisfactory. In attempting to compare their relative worth it is important to take into consideration those features which would be characteristic of the ideal agent. This agent should give excellent opacification of the injected vascular tree, should result in no immediate or delayed reaction, and should either be eliminated rapidly from the body, or be completely innocuous if retained. Diodrast has two obvious advantages over thorotrast; it is not radioactive, and it is quickly excreted in the urine. It, therefore, carries no risk of longdelayed ill effects. Diodrast has, however, several disadvantages. Although its use in arteriography is generally attended by sufficient opacification of the arteries, the delineation of the vessels is not so clear-cut as with thorotrast. One exception to this statement must be pointed out. In aortagrams better visualization is obtained with iodine compounds than with thorotrast since the latter mixes with the blood less readily in the aorta.'2' 14 It is also undoubtedly true that diodrast results in greater opacity of the chambers of the heart; the technique of A. Arteriogram made 7 weeks after a segment of a large branch of the femoral vein was used on a graft to bridge a defect in the femoral artery, resulting from excision of a large arteriovenous fistula. The relative sizes of the insert and the artery are about the same as was noted upon completion of operation. 46 Such reactions have been reported in patients with negative skin or conjunctival tests. Unfortunately, fatal reactions have also occurred. In reviewing these fatalities Pendergrass and his associates38 collected 10 cases of immediate death following injection of diodrast, due, they believed, to hypersensitivity or "colloidal shock." In 9 of them the drug had been given for pyelography and in one for arteriography. There were 9 delayed deaths which occurred at from 24 hours to several weeks after injection of diodrast; in some cases there was advanced renal disease. One death which occurred one week after the intravenous administration of 35 per cent diodrast was believed due to emboli from the upper extremity which became almost completely avascular shortly after the injection. Diodrast had been given in 19 of the 26 fatal cases they reported from the use of contrast media, and this was the case in 6 of the 11 similar fatalities previously reported. It is perfectly clear, then, that fatal reactions may occur. They should occur with extreme rarity, however, if all patients are subjected before hand to skin or conjunctival tests and particularly to the intravascular injection of a minute amount of the solution before the remainder of the solution is injected, and if the drug is not used in cases of severe liver and kidney disease.
Thorotrast is a solution of 19 to 20 per cent by weight of thorium dioxide. The original solution used by Oka36 was found to be toxic because of flocculation. Radt4' prepared a stabilized solution. Ccioke' has reported that the thorium dioxide granules are removed from the bloodstream within 5 minutes by cells of the reticulo-endothelial system, chiefly in the liver and spleen and, to a lesser extent, in the bone-marrow. Large amounts of the drug are required for hepatosplenography, but smaller doses are satisfactory for arteriography.2' ' l3, 63, 68 As we have mentioned previously, thorotrast gives greater opacification of the vessels than does diodrast; its injection is attended by little or no pain, and there are rarely any immediate reactions. Such reactions do occur, however, on occasions. The precipitation of an attack of asthma in an asthmatic patient and a transient anemia with mononuclear leukocytosis have been reported.26 43 Severe chills and fever44 and vomiting" may occur. Two cases of transient edema and urticaria of the face have been described.1 Hemorrhage has been reported in 2 patients with advanced gastric carcinoma and in one patient with cirrhosis.'7' 60 Dos Santos reported a case of hematemesis and anemia occurring 24 hours after the injection of 20 cc. of thorotrast.'3 Generally no significant vascular spasm has been observed after intra-arterial injection of the drug. Dos Santos stated that he had occasionally noted transient vasospasm when some of the solution had been injected into the adventitia, but in over 300 arteriograms with thorotrast he had no case of aggravation of existing gangrene. Lambret, however, had a case of aggravation of gangrene with paralysis of the extremity following the intra-arterial injection of 20 cc. of thorotrast; death occurred 10 days later.27 In several patients extravasation of the solution into the tissues has caused only swelling and pain lasting for several days with subsequent formation of a firm subcutaneous nodule.1 ' 10, 18, 68 In one instance the solution passed along the course of the femoral artery into the iliac fossa, causing a suppurative arteritis.'3 There are reports of 2 deaths following thorotrast arteriography of an extremity. One was due to respiratory arrest of an anaphylactoid type in a child with a Volkmann's contracture.66 The other death was the case of Lambret referred to previously.
The chief reasons for concern in the use of thorotrast are its very slow elimination from the body and the possible harmful effects of its radioactivity. It is well known that thorium dioxide granules remain in the reticulo-endothelial system for years. 22 After perivascular injection granules were found in the lymph nodes draining the area with fibrosis and loss of lymphoid structure. 22 The question has been raised concerning possible lowering of the body's defense mechanism against infection through blockade of the reticulo-endothelial system. One patient's stormy postoperative course was attributed to previous administration of thorotrast.7 Others have felt that, with the dosage used, relatively few of the reticulo-endothelial cells engulf thorotrast particles and that this is not a significant factor in lowering resistance. 17' 69 Thorium has a long half-life, 1.31 x 1010 years, as compared with 1690 years for radium. Thorium dioxide, however, breaks down into mesothorium, radiothorium, thorium X, thoron, thorium A, thorium B, and thorium C; the half-lives of these elements range from a few seconds up to 7 years. Mesothorium is thought to be of chief concern because its radioactivity increases over a 25-year period, while that of thorium and radiothorium decreases. The total radioactivity of thorotrast, therefore, decreases for the first 5 years, reaching a low of 50 per cent, and then increases.'7 3" Of the rays emitted, the alpha rays are the most active biologically; 25 cc. of thorotrast give off an amount of alpha rays equivalent to that given off by from 0.5 to 1 microgram of radium. 43 The same quantity of thorotrast gives off an amount of gamma rays equivalent to that from 0.3 to 0.4 micrograms of radium. 43 In studying the incidence of malignancy in radium dial workers, Martland33 concluded that exposure to 0.5 micrograms was hazardous. He noted such effects as aplastic anemia and necrosis of bone in patients exposed to as much as 2 micrograms. It is well established that the radioactivity of thorotrast persists in patients. From Arteriography is rarely needed in order to establish or rule out the diagnosis of peripheral aneurysms or fistulas. It has an important role in the diagnosis of intracranial aneurysms and is perhaps occasionally necessary for intrathoracic or intra-abdominal aneurysms. The procedure is generally not necessary for the accurate localization of aneurysms or fistulas of the peripheral vessels, but is occasionally of great usefulness, especially in cases with seemingly inadequate collateral circulation in which the lesion apparently involves a main arterial stem. From the data available it is difficult to decide which solution is preferable for peripheral arteriography. Until further information is at hand we prefer to use 70 per cent diodrast except in those instances in which a satisfactory arteriogram will require only a few cubic centimeters of solution and in those cases in which there appears to be particular hazard of ischemic difficulty from vasoconstriction.
